We present a fully consistent evolutionary disc model of the solar cylinder. The model is based on a sequence of stellar sub-populations described by the star formation history (SFR) and the dynamical heating law (given by the age-velocity dispersion relation AVR). The stellar sub-populations are in dynamical equilibrium and the gravitational potential is calculated self-consistently including the influence of the dark matter halo and the gas component. The combination of kinematic data from Hipparcos and the finite lifetimes of main sequence (MS) stars enables us to determine the detailed vertical disc structure independent of individual stellar ages and only weakly dependent on the IMF. The disc parameters are determined by applying a sophisticated best fit algorithm to the MS star velocity distribution functions in magnitude bins. We find that the AVR is well constrained by the local kinematics, whereas for the SFR the allowed range is larger. The model is consistent with the local kinematics of main sequence stars and fulfils the known constraints on scale heights, surface densities and mass ratios. A simple chemical enrichment model is included in order to fit the local metallicity distribution of G dwarfs. In our favoured model A the power law index of the AVR is 0.375 with a minimum and maximum velocity dispersion of 5.1 km/s and 25.0 km/s, respectively. The SFR shows a maximum 10 Gyr ago and declines by a factor of four to the present day value of 1.5 M ⊙ /pc 2 /Gyr. A best fit of the IMF leads to power-law indices of -1.46 below and -4.16 above 1.72M ⊙ avoiding a kink at 1M ⊙ . An isothermal thick disc component with local density of ∼ 6% of the stellar density is included. A thick disc containing more than 10% of local stellar mass is inconsistent with the local kinematics of K and M dwarfs. Neglecting the thick disc component results in slight variations of the thin disc properties, but has a negligible influence on the AVR and the normalised SFR. The model allows detailed predictions of the density, age, metallicity and velocity distribution functions of MS stars as a function of height above the mid-plane. The complexity of the model does not allow to rule out other star formation scenarios using the local data alone. The incorporation of multi-band star count and kinematic data of larger samples in the near future will improve the determination of the disc structure and evolution significantly.
INTRODUCTION
There is no 'concordance' Milky Way model available so far that describes the structure, kinematics, chemistry and evolution of the disc in great detail. The classical stellar density model of Bahcall & Soneira (1980a ,b, 1984 composed by a spheroid and an exponential disc with magnitudedependent exponential scale heights is still widely used. Bahcall (1984a,b) introduced a finite set of isothermal disc components and solved the Poisson and the Jeans equation for a dynamical equilibrium model of the vertical disc structure. At present the most sophisticated Milky Way model based on star counts is the so-called 'Besançon model' of the Galaxy developed and presented in a series of articles. In Robin et al. (2003) a general description and the present status of the model is given. In this model the thin disc is composed by a sequence of stellar sub-populations with in-creasing age and velocity dispersion. The Besançon model has still some serious drawbacks in the construction of the thin disc concerning the density profiles of the components, the star formation history (SFR) and the initial mass function (IMF) that will be discussed below.
The main input functions to be determined in an evolutionary disc model are the SFR and the dynamical heating described by the age-velocity dispersion relation (AVR). The SFR(t) of the Milky Way disc is still not very well determined. The main reason for that is the lack of good age estimators with corresponding unbiased stellar samples. Especially samples selected by colour cuts or by a magnitude limit are biased with respect to the age distribution, because there is an age-metallicity relation due to the chemical enrichment of the disc. Therefore not even the famous Geneva-Copenhagen sample of 14,000 F and G stars (Nordström et al. 2004; Holmberg et al. 2009 ) (hereafter GCS1,GCS2) with well determined stellar properties and individual age estimates can be used to derive the star formation history directly by star counts. Systematic biases introduced by the method of GCS1 concerning age and stellar parameter determinations are discussed in Pont & Eyer (2005) and Haywood (2006) . The Besançon model of the Galaxy was developed and presented in a series of articles. In Haywood et al. (1997a,b) the SFR of the thin disc is determined to be approximately constant using a series of isothermal components and applying an approximate method to achieve dynamical equilibrium. In further applications they used a constant SFR combined with a steep IMF in the sensitive mass regime of 1-3 M ⊙ (Robin et al. 2003) . As a result, the mean age of the disc population, the scale heights and the surface densities of the stellar sub-populations are relatively small. Rocca-Pinto et al. (2000) used chromospheric age determinations of late-type dwarfs. They apply stellar evolution and scale height corrections. The main result is the determination of enhanced star formation episodes over the lifetime of the disc. They exclude a constant SFR from chemical evolution models. In R. & C. de la Fuente Marcos (2004) the star formation history for open star clusters was determined. They found at least five episodes of enhanced star formation in the last 2 Gyr. Since star clusters contain only a small percentage of all disc stars, an extrapolation to the total (smoothed) SFR is not possible.
In recent years the Hipparcos stars with precise parallaxes and proper motions were used to determine the SFR with different methods. Hernandez et al. (2000) determined the SFR over the last 3 Gyr using isochrone ages. They found a series of star formation episodes on top of an underlying smooth SFR. This result is complementary to our model, which gives the slow evolution of the smoothed SFR. Vergely et al. (2002) applied an inverse method to derive from the colour magnitude diagram the star formation history and age-metallicity relation. They used prescribed AVR and gravitational potential and fixed the IMF to be a power law over the whole stellar mass range. This ansatz results in a steep IMF and a rather young thin disc. Additionally they found strong maxima in the SFR at ages of 10 7 and 2 × 10 9 yr. In Binney et al. (2000) and in Cignoni et al. (2006) the scale height variation of main sequence stars was not taken into account. Therefore these models derive the local age distribution of stellar sub-populations with lifetimes larger than the age of the disc instead of the SFR. Binney et al. (2000) determined the age of the solar neighbourhood to be 11.2 ± 0.75 Gyr, which includes the contribution of the thick disc. Both papers found an approximately constant local age distribution, which corresponds to a decreasing SFR according to the increasing scale height with increasing age of the stellar sub-populations. In a recent paper Aumer & Binney (2009) derived the SFR using the updated Hipparcos data (van Leeuwen 2007) and the kinematics of the GCS sample. They calculated in detail the number of main sequence (MS) stars as function of B-V colour based on a KTG93-like IMF and scale height corrections due to dynamical heating. Their favoured disc model has an exponentially decaying SFR with a decay timescale of 8.5 Gyr and an age of 12.5 Gyr. In the model the gravitational potential is fixed and the SFR depends strongly on the properties of the IMF by construction.
The presented paper (Paper I) starts a new attempt to develop a fully consistent disc model which is able to predict the properties of the Milky Way disc in great detail concerning density distributions, age distributions, kinematics and chemistry of all types of stars. The aim of this sequence of papers is to construct a smooth physically consistent disc model that can be extended to a global Galaxy model and allows detailed predictions of number densities and kinematics of stars of different types. The new model can be of some help for the construction of a 'concordance' model of the Milky Way. It can be used for the preparation of the future astrometric space mission Gaia that will measure with high precision positions, distances, proper motions and stellar parameters (temperature, surface gravity and chemical composition) of one billion stars (Perryman et al. 2001; Bailer-Jones 2005) .
We start with a local disc model of the solar cylinder, which is based on the SFR, the AVR and a chemical evolution function described by the age-metallicity-relation (AMR). The vertical density profiles and the corresponding scale height determinations of thin and thick disc stars are calculated in a self-consistent gravitational potential including the DM halo and the gas component. The model parameters are determined by a best fit procedure of the velocity distribution functions fi(|W |) of solar neighbourhood stars from B-K dwarfs. We use Hipparcos stars and at the faint end the Catalogue of Nearby Stars (CNS4), select the MS stars and divide these into a series of volume complete sub-samples in magnitude bins. The derived fi(|W |) of each sub-sample are compared simultaneously to the model predictions. Details of the fitting procedure and the significance with respect to parameter variations are discussed in a future paper (Just & Jahreiß 2009) (Paper II) .
Since the velocity distribution function of MS samples is the average over the lifetime of these stars properly weighted by the SFR and the dilution due to the increasing scale height, the time resolution is strongly limited. Therefore we use only smooth input functions for the SFR, AVR and metal enrichment in the model. The resulting SFR, AVR and chemical evolution describe the long-term smoothed disc evolution. Similar disc models by fitting the vertical luminosity and colour profiles of edge-on galaxies instead of the kinematics have already been used successfully (Just et al. 1996 (Just et al. , 2006 .
The main advantages of this method is that it does not depend on individual stellar age determinations and that it is essentially independent of the shape of the IMF. A weakness is that we cannot confine the SFR strongly based on local data only. The application of the model to star counts of remote stellar populations will be of great help in this respect. In subsequent work the local model will be continuously extended and compared to large data samples taken from the Sloan Digital Sky Survey SDSS/SEGUE (Abazajian et al. 2009 ) and the Radial Velocity Experiment RAVE (Zwitter et al. 2008) to further constrain the possible parameter range of the disc model.
A major restriction of a local model is that radial mixing of stars in the disc cannot be included easily. There are two main mixing processes discussed in the literature. The first one is directly connected to the dynamical heating process responsible for the AVR. The gravitational scattering process leads to a diffusion of orbits in velocity space (AVR) and in position (radial, tangential, vertical mixing). Wielen et al. (1996) discussed the radial diffusion of stellar orbits and the consequences for the AMR in some detail. The radial probability distribution function of the birth-places depends mainly on the age of the stellar sub-population and only weakly on the physical scattering process. For a 5 Gyr old population the typical radial width of the initial distribution is ±2 kpc. The second mechanism is resonant scattering of circular orbits by spiral arms (Sellwood & Binney 2002; Roskar et al. 2008; Schönrich & Binney 2009 ). This mechanism changes the radial position of stars quickly, but the eccentricity of the orbits remain very small. The effect of resonant scattering may account for up to half the stars in the solar neighborhood (Roskar et al. 2008) , which shows the possible scale of the errors which may result if migration is ignored. Unfortunately the efficiency and the properties of resonant scattering in the Milky Way disc are still poorly known. In a future global disc model radial mixing may be included in a parametrized form. The local model presented in this paper is primarily a description of the 'status quo' of the local Milky Way disc quantified by the local age distribution (SFR), the kinematics (AVR) and the chemical composition (AMR). Therefore the relations between these function are not altered by radial mixing. But the physical interpretation of the SFR as a 'local star formation history' and the AVR as a 'local dynamical heating process' are weakened by radial mixing and require corrections. For the chemical evolution model the consequences are more severe. The tight connection of the enrichment, the SFR and the gas infall will be broken. The chemical enrichment of the gas decouples partly from the (apparent) enrichment of the stellar population. A more general local AMR including an intrinsic scatter would be the consequence as derived by Schönrich & Binney (2009) .
In section 2 the physics of the disc model is presented, section 3 describes the observational data, in section 4 the fitting procedure and the properties of the best fit models are given, section 5 collects the main results and discussion.
DISC MODEL
In this section we describe the construction of the disc model and the determination of the properties of the stellar subsamples. We use a thin, self-gravitating disc composed of a sequence of stellar sub-populations according to the SFR and the AVR as input functions. Additionally the gravitational force of the gas component and the DM halo are included. The bulge and the stellar halo can be neglected in the solar neighbourhood. The total gravitational potential and the density profile of each age-bin are determined self-consistently assuming isothermal distribution functions with velocity dispersion according to the AVR. We take into account finite stellar lifetimes and mass loss due to stellar evolution. The stellar remnants stay in their sub-population, the expelled gas (stellar winds, PNs, and SNs) is mixed implicitly into the gas component. Since the lifetimes and mass loss depend on metallicity, the metal enrichment with time is included. A standard IMF is used for the determination of the stellar mass fraction of the sub-populations with age. The velocity distribution functions fms(|W |) for main sequence stars are calculated by a superposition of the Gaussians weighted by the local density contribution up to the lifetime of the stars.
Self-gravitating disc
The backbone of the disc is a self-gravitating vertical disc profile in the thin disc approximation including the gas component and the DM halo. In this approximation the PoissonEquation is one-dimensional and in the case of a purely selfgravitating thin disc (i.e. no external potential) the Poisson equation can be integrated leading to
Therefore we model all gravitational components by a thin disc approximation. We include in the total potential Φ the contributions of the stellar component Φs, the gas component Φg, and the DM halo Φ h
In order to obtain the force of a spherical halo correctly in the thin disc approximation, we use a special approximation (see subsection 2.4). Since we construct the disc in dynamical equilibrium, the density of the sub-components are given as a function of the total potential ρj(Φ). The vertical distribution is given by the implicit function z(Φ) via direct integration
For the fitting procedure it is essential to separate the normalised model and the scaling factors. Since we use the SFR and the AVR as input functions, it is convenient to normalise the model to the total surface density Σtot and to the maximum velocity dispersion σe of the oldest thin disc sub-population. As a consequence the gravitational potential in equations 1 and 3 is normalised to σ 2 e and a natural scale length is
which corresponds to the exponential scale height of an isothermal component with velocity dispersion σe above a gravitating sheet with total surface density Σtot.
The normalised disc model describes the intrinsic structure of the disc. The relative thin disc, thick disc, gaseous, and DM fractions of the surface density (up to |z| = zmax) are given by the input parameters Qs, Qt, Qg, Q h that have to be iterated to find the best model. The value of zmax is determined by the prescribed maximum of the normalised potential Φ(zmax)/σ 2 e . The disc model has two free global scaling parameters to convert the normalised model to physical quantities. One can choose two parameters out of four types: a local density, a scale height or thickness, a surface density, or a velocity dispersion (see section 4).
Stellar disc
The stellar component is composed of a sequence of isothermal sub-populations characterised by the IMF, the chemical enrichment [Fe/H](t), the star formation history SFR(t), and the dynamical evolution described by the vertical velocity dispersion σW(τ ). Throughout the paper we use t for the time with present time tp = 12 Gyr and τ = tp − t for the age of the sub-populations. We include mass loss due to stellar evolution and retain the stellar-dynamical mass fraction g(τ ) (stars + remnants) only. The mass lost by stellar winds, supernovae and planetary nebulae is mixed implicitly to the gas component.
With the Jeans equation the vertical distribution of each isothermal sub-population is given by
where ρs,j is actually a 'density rate', the density per age bin, and σW,j the velocity dispersion at age τj. The connection to the SFR is given by the integral over z
with time tj = tp − τj. The (half-)thickness hage(τj) of the sub-populations is defined by the mid-plane density ρs0,j through
and can be calculated by
The total stellar density ρs(z) and velocity dispersion σs(z) are determined by
The stellar surface density Σs, which includes luminous stars and stellar remnants, is related to the central density ρs,0 by the (half-)thickness h eff and can also be converted to the integrated star formation S0 using the effective stellardynamical mass fraction g eff
The general shape of ρs(z) can be characterised by two shape parameters which are h eff and the exponential scale height zs well above the plane. For an exponential profile h eff = zs and for an isolated isothermal sheet ∝ sech 2 (z/2zs) we find h eff = 2zs. Most realistic profiles are somewhere in-between. From the normalized version of equation 11 we calculate h eff /ze. The effective exponential scale height zs/ze of the stellar disc is determined numerically by the mean exponential scale height in the range z/ze = 2 . . . 5.
The metallicity [Fe/H] affects the lifetimes, luminosities and colours of the stars and as a consequence also the mass loss of the sub-populations. In order to account for the influence of the metal enrichment we include a metal enrichment law AMR that leads to a local metallicity distribution of late G dwarfs consistent with the observations. The properties of the stars and the stellar sub-populations are determined by population synthesis calculations (see Sect. 2.5).
The properties of MS stars with lifetime τ are determined by an appropriate weighted average over the age range. We use
where Sτ are all stars born up to age τ and ρτ (z) would be the density profile of these stars, if mass loss by stellar evolution is ignored. The thickness hms and the normalised density profile ρms(z)/ρms(0) of MS stars are given by hms = Sτ 2ρτ (0) and
The normalised density profile is independent of the IMF. For the determination of the number density profile of MS stars with lifetime τ the fraction of stars ∆N in the corresponding mass interval of the IMF must be taken into account (similar for the mass density profile).
In a similar way we calculate the velocity dispersion profile σms(z) and the velocity distribution functions fms(W, z) for the MS stars using
For the thick disc component we use a simple isothermal component adopting an age larger than tp. The thick disc is parametrised by the surface density Σt and the velocity dispersion σt. The density profile is calculated selfconsistently as for the thin disc sub-populations. The thick disc contributes only to the velocity distribution functions of the lower MS with lifetimes larger than tp. For the relative contribution to the fi(W ) we add a correction factor (∼ 1.8) to the local mass ratio of thick and thin disc to account for the different age distribution of thin and thick disc. The larger mean age of the thick disc leads to an enhanced number density of low mass stars due to the larger mass loss by stellar evolution.
Gas component
For the gas component we use a simple model to account for the gravitational potential of the gas. The vertical profile of the gas component that is used for the gravitational force of the gas, is constructed dynamically like the stellar component. The gas distribution is modelled by distributing the gas with a constant rate up to a maximum age over the velocity dispersion range sgσW(τ ) of the young stars reduced by a factor sg to account for a smaller minimum value. By varying these parameters the peakyness and the width of the gas density profile can be changed. We adjust the (half-)thickness and the exponential scale-height of the gas component to the observed values of h eff,g ≈ 150 pc and zg ≈ 100 pc (Dickey & Lockman 1990) . We determine zg numerically in a similar way as zs but closer to the mid-plane in the range of z/(0.3 ze) = 2 . . . 5. The surface density Σg of the gas is iterated to reproduce the observed value.
Dark matter halo
The halo does not fulfil the thin disc approximation. For a spherical halo we get the vertical component of the force to lowest order from
with r 2 = R 2 +z 2 and circular velocity v c,h of the DM halo at radius R. Comparing this with the one-dimensional Poisson equation from the thin disc approximation (integrated over z near the mid-plane to lowest order for small z)
we can use for the local halo density
to be consistent with the spherical distribution. Only for a singular isothermal sphere this virtual halo density corresponds exactly to the real local DM density. The second parameter is the halo velocity dispersion σ h . Comparing the spherical distribution of the halo density and the vertical profile of a self-gravitating isothermal sheet up to second order in z we find the relation
For an isothermal sphere the logarithmic derivative of the density equals two. As a consequence we can apply the thin disc approximation also for the halo by using the virtual halo density ρ h0 and velocity dispersion σ h estimated from the circular velocity v c,h . For a singular isothermal sphere these quantities correspond to the physical values. The effect of different radial profiles, anisotropy and flattening would lead to correction factors.
The DM halo is parametrised as an isothermal component similar to the thick disc by the velocity dispersion σ h and the surface density Σ h , which is implicitly determined by the total surface density.
Stellar population synthesis
For the determination of luminosities, main sequence lifetimes and mass loss we are not interpolating directly evolutionary tracks of a set of stellar masses and metallicities. In order to get a complete coverage of stellar masses we use instead the stellar population synthesis code PEGASE (Fioc & Rocca-Volmerange 1997) to calculate mass loss and luminosities of "pseudo" simple stellar populations (SSP). This means that the PEGASE code is used to calculate the integrated luminosities and colour indices for a stellar population created in a single star-burst as function of age. These SSPs are then used to assemble a stellar population with a given star formation history, in the sense that the star formation history is assembled by a series of star-bursts. In this way we can assemble stellar populations for varying SFR and metal enrichment [Fe/H]. Our SSPs are modelled by a constant star formation rate with a duration of 25 Myr, the time resolution of the disc model. This is done for a set of different metallicities and intermediate values from the chemical enrichment are modelled by linear interpolation.
The application of the PEGASE code is twofold. On the one hand mass loss due to stellar winds, planetary nebulae and supernovae determines g(τ ), the mass fraction remaining in the stellar component as a function of age τ . This depends on the IMF and the metallicity. We adopt a Scalolike IMF (Scalo 1986) given by
. (24) and five different metallicities ([Fe/H]= -1.23, -0.68, -0.38, 0.0, 0.32), which are the input parameters of the code. Fig. 1 shows the mass loss for the different metallicities. The fractions of luminous matter and of stellar remnants for the set of input metallicities are shown separately. The sum of both contributions for each metallicity vary by a few percent only and are therefore not shown. The thick full (red) line shows for the fiducial model A the fraction of stellar mass g(τ ) in the present day stellar disc as a function of age including the chemical evolution. For the oldest age-bins about 40% of the stellar mass is lost by stellar evolution. The total fraction of stellar mass g eff = 0.654 is indicated by the horizontal line.
In the second application we determine the MS lifetimes and luminosities for stellar mass bins. Here we use the PE-GASE code to compute V-band luminosities of isochrones in small mass bins. These are needed to estimate the mean MS lifetime as a function of the absolute V-band luminosity MV for the calculation of the velocity distribution functions f (|W |) of these stars. We apply the PEGASE code to piecewise constant IMFs for mass-bins with 0.1M ⊙ and for a finer grid of metallicities ( Figure 1. Mass loss due to stellar evolution. The two sets of thin lines show the fractions of luminous mass and of remnants (upper and lower curves, respectively) for the set of metallicities used in the PEGASE code. The full (red) thick line shows the total stellar mass fraction (luminous matter plus remnants) of the fiducial model A taking into account the age-metallicity relation. The overall present day mass fraction of the stars is given by g eff . ent metallicities (thin lines) and the age dependence of the luminosity for different disc models for M = 0.8 M ⊙ demonstrating the significant variation over the whole age range. The upper panels show the age dependent luminosities for all mass bins. These are again not the luminosity evolutions of the stars but the present day properties of the stellar population taking into account the age-metallicity relation. The vertical lines indicate the estimated mean MS lifetimes in the corresponding luminosity bins.
For a consistent model the locations of the mass tracks (B − V, MV)(τ ) in the Hertzsprung-Russell diagram (HRdiagram) should cover the same area used for the selection of main sequence stars (see Fig. 3 ). Further information on the selection criteria are given in Sect. 3. The effect of choosing these lifetimes on the determination of the velocity distribution functions f (|W |) in the magnitude bins are discussed in Sect. 4.3.
OBSERVATIONAL DATA
In the model we assume that each stellar sub-population is in dynamical equilibrium in the vertical direction. For the high luminosity end of the main sequence with average age below 1 Gyr this is not guaranteed. On the other hand the observed velocity distribution functions and also the vertical density profile of A stars measured by Holmberg & Flynn (2000) are hints for equilibrium distributions. Additionally we use large radii of 200 pc for these sub-samples and determine a spatially averaged distribution. All sub-samples can be used as independent samples to determine the total vertical gravitational potential φ(z). The velocity distribution functions f (|W |) of the samples depend on the age distribution of the stars. Therefore we use main sequence stars, where f (|W |) is a function of the lifetime of the stars. In order to determine the vertical velocity distribution function f (|W |) in the solar neighbourhood we need kinematically unbiased samples with space velocities.
[t] For the determination of the AVR we use only the measured velocity dispersions in the magnitude bins along the main sequence using stellar lifetimes. An independent stellar sub-sample are the McCormick K and M dwarfs (Vyssotsky 1963) . Detected by a spectroscopic survey they are free from kinematic bias. Altogether 516 stars show reliable distancesalmost all from the Hipparcos Catalogue -and space velocity components. All stars within the 25 pc sphere are also used to determine independently the velocity distribution function f (|W |) of stars with lifetime larger than 12 Gyr (see Fig.  6 ). For a sub-sample of about 300 stars Wilson & Woolley (1970) estimated the CaII emission intensity at the H and K lines in a relative scale allowing to construct six different age bins under the assumption of a constant SFR (see Jahreiß and Wielen, 1997) . For each bin the vertical velocity dispersion is determined. We do not use these sub-samples in our model for two reasons. The determination of the mean ages of the bins are inconsistent with our disc model and for the velocity distribution functions in the age bins the number of stars is too low to obtain reliable f (|W |)(t). The AVR of this sample is shown in the lower panel of Fig. 8 only for comparison. For the determination of f (|W |) along the main sequence we use the Hipparcos stars with good space velocities supplemented at the faint end down to MV = 9.5 mag by stars from an updated version of the Catalogue of Nearby stars (CNS4) (Jahreiß & Wielen 1997) , i.e. also most of the CNS4 data rely on Hipparcos results. For the determination of the space velocities good distances, proper motions and radial velocities are required. This was achieved in combining the Hipparcos data with radial velocities originating from an unpublished compilation of the "best" radial velocities for the nearby stars that was then extended to all Hipparcos stars.
We apply a 2-step selection process. In the first step the absolute visual magnitude MV of the Hipparcos stars was determined from the visual magnitude and the trigonometric parallax given in the Hipparcos catalogue. Only stars with σπ/π smaller than 15% were taken into account. In the case of binaries resolved by Hipparcos the MV of the brighter component was used. It was calculated from the combined magnitude and the magnitude difference measured by Hip- Table 1 . Complete samples of nearby main sequence stars: Column 1 lists the source catalogue. Column 2, 3 and 4 list the range in absolute visual magnitude, the selected distance limit, and the total number of stars available, respectively. Column 5 and 6 list the number of stars removed due to poor parallaxes (σπ /π > .15) and unknown or poor radial velocities. In column 7 the remaining number of main sequence stars with good space velocity components is given and the last column contains the corresponding number of stars including the turnoff stars.
[pc] parcos. The stellar sample is divided into magnitude bins MV = −1 ± 1.5, 1 ± 0.5, ..., 6 ± 0.5, 8 ± 1.5 mag. In order to avoid a kinematic bias we restrict the distances of the stars in each magnitude bin to be well within the completeness limit of the Hipparcos catalogue determined by the magnitude limit V ∼ 7.3 mag of the Hipparcos Survey. The faintest magnitude bin is restricted to a distance of 25 pc relying on the completeness of the CNS4 (grey dots in Fig. 3 ).
In the second step we select in the HR-diagram (Fig. 3) a regime along the main sequence in order to exclude most of the turnoff stars as well as all giants and white dwarfs. As zero age main sequence we used the (B − V, MV )-relation for the presentday metallicity z=0.025 originating from the Paduaisochrones (Bertelli et al. 1994; Girardi et al. 2002) (URL: http://stev.oapd.inaf.it/∼lgirardi/cgi-bin/cmd). Then all stars in the magnitude range MV,ms ± 0.8 mag were selected. The reason for this additional selection is to match the mass tracks from stellar population synthesis up to the turnoff point described in Sect. 2.5. A selection of these tracks are over-plotted in the HR-diagram. For the brightest magnitude bin the ZAMS is almost vertical and the stars redder than (B − V )ZAMS + 0.10 were excluded.
This selection is chosen to include the metal-poor MS stars below the ZAMS and to allow for a metallicity scatter of about 0.2dex as well as to include unresolved MS binaries above the single star MS. On the other hand most turnoff stars are excluded, because they would lead to an additional spread of stellar masses and lifetimes in the magnitude bins. For a consistency check we analysed a second set of stellar samples by including the turnoff stars bluer than the inclined line in (Fig. 3 ) and using the corresponding larger lifetimes derived from stellar evolution. The properties of the resulting samples of main sequence stars are collected in Table  1 .
For the determination of the velocity distribution functions f (|W |) we correct for the peculiar motion of the Sun using the local standard of rest value W⊙ = 7 km/s given in Delhaye (1965) that is in close agreement to the modern W⊙ = 7.17 ± 0.38 km/s determined by Dehnen & Binney (1998) from the Hipparcos data. The resulting normalised distribution functions are shown in Fig. 6 with a binning of 5 km/s in |W |. For the determination of the velocity dispersions we exclude stars with high velocities (|W | > 40 km/s for MV < 3.5 and |W | > 60 km/s for MV > 3.5).
PROPERTIES OF THE DISC
We discuss first the algorithm to determine the parameters of best fitting models. Then we describe our fiducial model A in great detail and compare the properties with a selection of other models of similar fitting quality.
Best fit procedure
The disc model depends on a set of input functions and parameters with strong correlations and degeneracies. Thus a simultaneous best fit of all parameters and an automatic selection of the astrophysical best model is impossible. Therefore it is very useful to sort the input quantities hierarchically by there impact on the velocity distribution functions of MS stars and the structure of the disc.
The fitting procedure can be split into three parts: 1) pre-processing to calculate a normalised model; 2) best fit of fi(|W |) and scaling of the model; 3) post-processing to calculate the output and predictions (see figure 4). We start with a reasonable set of mass fractions Qs,g,t of the components including the kinematics of the gas, thick disc and DM halo and fix the IMF. From large sets of template functions for the normalised SFR and AVR we select up to ten of each. We select for each SFR a metal enrichment law. Then we construct models for all (SFR,AVR) combinations by calculating the mass loss due to stellar evolution, solving the Poisson equation and determining the local stellar age distribution. With pre-calculated MS lifetimes we determine the normalised velocity distribution functions fi(|W |) for all nine stellar sub-samples.
In each model we determine the common scaling factor σe for all fi(|W |) by a nonlinear Levenberg-Marquardt best fit algorithm (Press et al. 1992) . It turned out that a standard χ 2 fit is very sensitive to the choice of the velocity range in |W | due to the sparse population in the higher velocity bins. Therefore we tested the Z 2 statistics from Lucy (2000) which is a modified χ 2 statistics leading to a standard distribution also for sparse data sets. This algorithm is very stable and we fix the velocity range to |W | < 40 km/s for the bright bins with MV < 3.5 and 60 km/s for the faint bins. For 90 degrees of freedom a reduced χ 2 = 1.2 corresponds to a 10% level of significance that the data are consistent with the model. An inspection of the individual reduced χ 2 for the fi(|W |) shows that the brightest bin with χ 2 > 3.0 is inconsistent with the model on the 99.5% level for all models. This result confirms that these very young stars are not in dynamical equilibrium. Nevertheless we include this bin in our calculation in order not to ignore the low velocity dispersion in that bin. Tests by excluding the first bin and by fitting also the normalisations ni of the fi(|W |) does not change the results significantly.
For further investigations we consider only models with χ 2 < 1.2 which already leads to strong constraints in the allowed heating laws AVR. All further iterations are done for individual pairs (SFR,AVR). In the next step the calculated G dwarf metallicity is compared to the observations and a new chemical enrichment law is constructed to give a reasonable fit. Corrections via stellar mass loss and MS lifetimes are small and the new model can be used to derive the conversion factor from the IMF and the local present day mass function (PDMF). Now the IMF can be determined from the observed PDMF which is done in the current phase only for comparison and not iterated.
For the next iteration step we need to scale the model to physical quantities. The first of the two free scaling factors is σe which is already fixed by the best fit procedure. For the second parameter we decided to fix the local stellar density including the thick disc contribution to ρs0 + ρt0 = 0.039 M ⊙ pc −3 , which is the best observed quan-tity for the local disc model (Jahreiß & Wielen 1997 
All other quantities can be scaled in a similar way. In this final iteration the input parameters for the surface densities and the kinematics are adapted in such a way as to reproduce the known constraints on surface densities, local densities and scale heights. The thick disc parameters can be freely chosen in a wide range with very little influence on the other disc properties. The kinematic parameters of gas and DM halo are forced to get the correct gas scale height zg ∼ 100 pc and DM velocity dispersion σ h ∼ 140 km/s. The value of Q h and as a consequence the local halo density ρ h0 are implicitly determined by fixing the other Q values.
The value of Qg is chosen in a simple step to be consistent with the observed surface density of Σg ≈ 10 − 13 M ⊙ pc −2 (Dickey & Lockman 1990) . Adapting the thin disc parameter Qs is more sophisticated, because it has a significant influence on the shape of the gravitational potential. For the boundary conditions we have a relatively large freedom and compare models which fulfil different constraints on the thin disc scale height zs or on surface densities. We discuss more details of parameter choice in the next subsections and a more detailed investigation of the best fit procedure and model selection will be given in Paper II.
In the next subsections we discuss the selection of the main input functions SFR and AVR and other properties of the disc models including predictions for future observations.
Star formation history and dynamical heating
The main input functions that are to be determined, are the SFR and AVR. Since the SFR is a priori not strongly constrained, we start with template sets of smooth functions of different analytic type: pure exponentials with different disc age and decay timescale; linear increase combined with exponential decline; algebraic with linear increase and polynomial decline. For the heating function AVR we use templates of power laws with different power law indices and offsets in time to allow a nonzero present day value. A second set has a constant velocity dispersion for ages larger than 6 or 9 Gyr as proposed by Freeman (1991) . A third set of polynomials was chosen to produce an extra flattening or steepening in the AVR around intermediate age of ∼ 6 Gyr.
In a preliminary study we select those parameter regimes which result in a reasonable χ 2 < 1.2 for at least one heating function AVR. We found that the polynomial functions do not improve the fits for any SFR significantly compared to corresponding power law AVRs. The range of consistent SFRs, based on the local kinematic data alone, is weakly constraint: We find for the present day star formation rate SFRp > 1.2M ⊙ /pc 2 /Gyr (smoothed over the last 500 Myr) and for stars older than 10 Gyr a contribution less than 25%. This means that the overall decline of the SFR is limited to a factor of 4-5.
In the main step we restrict the models further to (SFR,AVR) pairs with χ 2 < 1.1. All models with χ 2 below this limit are consistent with the fi(|W |) of the local MS stars. For each selected SFR the possible AVRs are restricted to at most a few. Since there is still quite a variety of very different models left over, we restricted the further investigation to a representative selection of (SFR,AVR) combinations. The fine-tuning of the model parameters (metal enrichment, gas and DM properties, surface density constraints) is done only for these models. It turned out that these parameter adjustments do not change the best fit significantly (similar χ 2 and σe). In the models we fix the surface density of the gas to the observed value and the stellar surface density is determined by the local stellar density and the best fit σe. Therefore the DM surface density, i.e. the mass fraction Q h , is mainly determined by the surface density of all components Σ(|z| < 1.1 kpc) ∼ 75M ⊙ /pc 2 (Kuijken & Gilmore 1991), (Holmberg & Flynn 2004) . It must be determined by an iteration process, because changing the Q's also changes the scale heights of all components. The second boundary condition is the scale height zs of the thin disc. It is connected to Qs via the scaling length ze (equation 25). The standard value of 325±50 pc determined by Bahcall & Soneira (1984) from star counts is still reliable and widely used. Since this scale height is calculated from a one component exponential thin disc, it corresponds to the mean exponential falloff in the range of |z| ∼ 100 − 1000 pc which is much closer to the mid-plane than our value zs measuring the exponential scale height in the range |z| ∼ 600 − 1500 pc. An inspection of the density profile shapes (figure 11) shows that closer to the mid-plane the local scale height is ∼20% larger than zs. Therefore we try to reach in the models zs ∼ 270 − 300 pc which is not possible in all cases. Reducing the DM fraction increases the thin disc fraction Qs and as a consequence the scale height zs. As a bottom line there is a trade-off to reach both constraints given by Σ(|z| < 1.1 kpc) and zs. A general overview over all models and a detailed discussion of the parameter dependence will be given in Paper II (Just & Jahreiß 2009 ).
We present four models A-D with very different SFR. For clarity we use model A as the fiducial model that will be described in great detail. The SFR of this model is very close to that investigated also by Aumer & Binney (2009) . We discuss the similarities and differences of models B-D with respect to model A. The data of models E-G are added to show the effect of some parameter variations. The basic properties of the models are Model A: Fiducial model with maximum SFR 10 Gyr ago and mass fractions chosen to get simultaneously a small thin disc scale height of ∼ 270 pc and a surface density Σ(|z| < 1.1 kpc) ∼ 75M ⊙ /pc 2 . Model B: Model with smallest reduced χ 2 = 0.96 of all models; optimised as model A Model C: Model with constant SFR; DM fraction increased to the upper limit in order to get a reasonable thin disc scale height of zs ∼ 300 pc Model D: Model with reduced disc age of tp = 10 Gyr and exponential SFR with shortest consistent decline timescale. Model E: Model with same SFR, AVR as model A but neglecting the thick disc component. Model F: Like model A but with larger local stellar density. Model G: Like model F but with larger gas fraction in order to increase the local density further.
The SFRs and AVRs of models A-D are shown in figure 5 together with the mean SFR determined by SF R = S0/tp. A list of model parameters and derived physical quantities discussed in this paper is given in Table 2 together with the corresponding data of other authors.
For models A-D we give explicitly the input functions to allow the reader to make comparison calculations. We find for models A and B SFR(t) = SFR (t + t0)t 3 n (t 2 + t 
A : t0 = 5.6 Gyr ; t1 = 8.2 Gyr ; tn = 9.9 Gyr B : t0 = 1.13 Gyr ; t1 = 7.8 Gyr ; tn = 11.7 Gyr , 
D : te = 8 Gyr ; tp = 10 Gyr .
For the dynamical heating function AVR we use a power law
A : α = 0.375 ; τ0 = 0.17 Gyr ; tp = 12 Gyr B : α = 0.5 ; τ0 = 0.5 Gyr ; tp = 12 Gyr C : α = 0.5 ; τ0 = 0.5 Gyr ; tp = 12 Gyr D : α = 0.5 ; τ0 = 0.32 Gyr ; tp = 10 Gyr .
Model C with constant SFR is of special interest, because it is still used in many applications directly or implicitly. Model C fits well the local kinematic data. Due to the large fraction of young and dynamically cool stars a larger initial velocity dispersion and a higher fraction of DM matter is needed. The relatively large values for Σ(|z| < 1.1 kpc) and zs are still within the limits.
Kinematics of the disc
All presented models show reasonable fits to the set of normalised velocity distribution functions fi(|W |) for the nine samples of MS stars described in section 3, because the total reduced χ 2 < 1. figure 6 shows the the distribution function of models A-D in log-scale for the bins between 10 and 20 km/s, where the significant deviations occur. The 1 − σ standard Poisson noise of the data (shown by the errorbars) are not a precise measure of the contribution to χ 2 , since we use the Z 2 statistics (for details see Paper II). This is a hint to a significant departure from the assumed equilibrium distribution. This is not surprising, since the lifetime of these stars is of the order of the vertical oscillation frequency in the disc and dynamical equilibrium cannot be achieved in this short time. In Fig. 7 we show for model A that the distribution functions f (|W |) including the turnoff stars agree just as well with the theoretical distribution functions using the appropriate lifetimes.
The AVR can be observed only by kinematically unbiased stellar sub-samples with direct age determinations. In the lower panel of figure 8 the AVRs of the models A-D are reproduced from figure 5 in log-scale and compared to two data sets. The circles are the McCormick K and M dwarfs with ages determined from H and K line strength (Jahreiß & Wielen 1997 ) and the asterisks represent the F and G stars of GCS2 with good age determinations. The ages of the McCormick stars were derived by adopting a constant SFR and should therefore be consistent with model C. Corrections for a declining SFR as in the other models would shift the mean ages of the bins systematically to higher values. It is interesting to note that the best AVR for models B and C are the same. The best fit scaling σe is different. This shows that the variation of the SFR has only a small influence on the shape of the AVR. The velocity dispersions Table 2 . Disc properties for models A-G and some models from the literature. Global parameters: χ 2 value of the fit; maximum height zmax, local densityρ 0 , surface densities below 0.35 and 1.1 kpc, total surface density of the disc. Thin disc properties: maximum velocity dispersion σe, mean and present day SFR, local density ρ s0 ; surface density Σs up to zmax, (half-)thickness h eff , exponential scale height zs; Thick disc properties: velocity dispersion σt, local density ρ t0 ; surface density Σt up to zmax, exponential scale height zt; power law index αt of sech αt fit. Gas component: local density ρ g0 ; surface density Σg up to zmax, (half-)thickness h eff,g ; exponential scale heights zg; DM halo: velocity dispersion σ h , local density ρ h0 ; surface density Σ h up to zmax. of the sub-samples of MS stars with no age subdivision are determined by the weighted mean over the lifetime with the local age distribution. For the AVRs of the different models we find power laws with indices 0.375 < α < 0.5. This is in the range of the classical value of 0.5 (Wielen 1977) , of 0.53 (Holmberg et al. 2009 ), and of 0.45 derived by Aumer & Binney (2009) . The best fit slope depends strongly on the zero point for newly born stars. A higher initial velocity dispersion σW,0 leads to a shallower heating function described by a larger power law index. All our models require a large σW,0 and a steep rise of the AVR to reproduce the distribution functions of stars with lifetimes 0.5-3 Gyr. The maximum velocity dispersion of the oldest thin disc stars is 25-30 km/s dependent on the SFR. The upper panel of Fig. 8 shows the excellent agreement of the model with the data from the nearby stars. The black triangles are the velocity dispersions in the magnitude bins of the main sequence stars with lifetimes from Fig. 2 . The full circle is the velocity dispersion of the McCormick stars. The underlying distribution functions of these data sets were used for the best fitting. The grey triangles are the velocity dispersions including the turnoff stars in the five magnitude bins with MV < 4.5 mag. As expected, they show a systematically larger velocity dispersion and have larger lifetimes compared to the pure MS samples. These data confirm the underlying assumption of a continuous disc heating and dynamical equilibrium of the stellar sub-samples. Since the shape of f (|W |) depends on the age distribution of the stars, it depends also on the height z above the mid-plane. Fig. 9 shows the variation above the plane for stars with lifetimes larger than 12 Gyr (upper panel) and stars with a lifetime of 6 Gyr (lower panel; corresponding to magnitudes MV = 3.5 − 4 mag). The vertical gradient in the velocity dispersion of all thin disc stars is slightly stronger than that of the stars with lifetimes larger than 12 Gyr, because the dip near the mid-plane is enhanced due to the contribution of stars with smaller lifetimes. The profile is shown in figure 10 for models A and C. The large fraction of young stars in model C with constant SFR leads to a significantly larger gradient.
Density profiles
The shape of the vertical density profiles of all components and sub-populations are determined by their kinematics and the self-consistent gravitational potential. A general feature of the vertical density profiles of the stars and of the gas is the flattening at the galactic plane. All profiles are between an exponential profile and that of an isolated isothermal profile given by a sech 2 function. In the upper panel of figure 10 the profiles of model A are shown. The stellar disc profile of model C (also plotted in figure 10 ) is significantly flatter and deviates from model A in the regime |z| ∼ 500 pc and above |z| ∼ 1500 pc. The second plot in figure 10 shows the difference in the Kz force that is a measure of the total surface density up to |z|, of models A and C. Below 500 pc the profiles are very similar despite the differences in the mass fractions and the kinematics. The corresponding surface density values of Kuijken & Gilmore (1991) and Holmberg & Flynn (2004) are added.
For the gas, the thickness is ∼150 pc compared to the exponential scale height of ∼100 pc. The density profile and the surface density are consistent with the ob- height (Bronfman et al. 1988) and applying the correction factor of 1.4 for Helium and heavy elements. Due to the gravitational potential of the disc, the local density of the dark matter halo is ∼50% larger than the DM density at zmax and ∼20% larger than the mean DM density given by Σ h /(2zmax).
A measure of the profile flattening is given by the ratio of the thickness and the exponential scale height. The halfthickness of MS stars hms as function of lifetime is shown in the lower panel of Fig. 12 for all models A-D. The differences above a lifetime of 6 Gyr is significant leading to differences in the determination of surface densities from local densities as used in the estimation of the SFR and IMF from local data. For model A additionally the exponential scale height zexp as function of lifetime and the half-thickness hage as function of age are plotted. For young populations zexp is much smaller than hms, because the density profiles have Gaussian and not exponential wings. For longer lifetimes hms is ∼50% larger than zexp.
The density profiles of MS stars differ in shape from the profiles of the sub-populations of single ages. The lower panel of Fig. 11 shows the normalised density profiles with lifetimes according to the samples used for the model. They are steeper than the corresponding profiles of the sub- Kz force complemented by the corresponding surface densities of Kuijken & Gilmore (1991) and Holmberg & Flynn (2004) ; velocity dispersion of the thin stellar disc; V-band luminosity weighted mean metallicity of the thin stellar disc.
populations with the same age and significantly shallower than the density profile using the mean age of the subpopulation. This difference is quantified by the thicknesses hage and hms shown in the lower panel of Fig. 12 . An independent test of the model is the comparison with directly observed density profiles of MS stars as derived by Holmberg & Flynn (2000) for two sub-samples of A stars (with 0 < MV < 1 mag) and early F stars (with 1 < MV < 2.5 mag). The mean stellar lifetime in these magnitude bins are 0.3 Gyr and 1.0 Gyr, respectively, including turnoff stars. In order to minimise the systematic asymmetry of the profiles (mainly for the A stars) we applied an additional offset of the solar position in z of +5 pc. The result is shown in figure 13 . For the A stars all profiles are shifted by a factor of two to avoid overlaps. Over-plotted are the normalised profiles of models A-D and F,G. The observed profile for the F stars is in very good agreement with all models. The observed profile of the A stars is slightly steeper than the model and requires a larger local density or an even shorter lifetime. Models F and G show the effect of a larger local density in two steps (see table 2 ). Since we do not expect that these stars are already in dynamical equilibrium, the deviations are in a reasonable range. In the Be- sançon model (Robin et al. 2003) Einasto laws are used for the density distribution of isothermal sub-populations. The thicknesses (=flattening in their model) are determined by solving the Poisson equation. The shapes of the density profiles deviate systematically from our results and this means that dynamical equilibrium is achieved only approximately. A detailed investigation of the differences to our model is beyond the scope of this paper.
Age distributions
The age distributions of the stellar sub-samples of MS stars depend on the lifetime and on the vertical structure. The upper panel of figure 14 shows for model A the normalised local age distribution for different lifetimes. The comparison with the SFR shows clearly the over-representation of young stars in the solar neighbourhood due to the increasing thickness with age. The vertical dilution is quantified by the (half-)thickness hms (lower panel of Fig. 12) .
A comparison of the local age distributions of stars with lifetime larger than the age of the disc for models A-D are shown in the lower panel of figure 14 . In model A the local age distribution of stars with lifetime larger than the disc age varies by less than a factor of two around the mean value. Binney et al. (2000) and Cignoni et al. (2006) propose a constant local age distribution in this sense. This is consistent with our model taking the uncertainties of isochrone ages into account. In model B there is a lack of old stars which cannot be tested by direct measurements, because for this age range the age determinations are very uncertain. Model C with constant SFR predicts a strong dominance of young stars in contrast to the findings of Binney et al. (2000) and Cignoni et al. (2006) . The age distributions are a strong function of z above the plane. The middle panel of Fig. 14 shows the lack of young stars in steps of ∆z = 300 pc above the mid-plane.
Metallicity
Since MS luminosities and lifetimes depend on metallicity, we include a simple analytic metal enrichment law [Fe/H](t). We adopt a generalised form of a closed box model with a Schmidt star formation law for the oxygen abundance [O/H](t) (Just et al. 1996) at an age of 6 Gyr. In order to reproduce the high metallicity tail without intrinsic scatter we investigated also some AMRs with an additional accelerated enrichment in the last 2 Gyr. In every case it turned out that the local G dwarf metallicity distribution is a strong restriction for the AMR for any given SFR and AVR. The parameters for models A-D are From the metal enrichment the local metallicity distribution for stars with lifetime larger than the age of the disc is calculated. Before binning the theoretical distribution we add a Gaussian scatter which represents an intrinsic scatter and observational errors. We tested a range up to 0.2 dex and found a best value of 0.13 dex corresponding to a FWHM=0.31 dex in order to reproduce both the narrow width of the maximum and the high metallicity wing in the observations (see figure 15) . The local metallicity distribution is determined from the Copenhagen F and G star sample (Nordström et al. 2004 ) selecting all stars with masses 0.84 M/M ⊙ 0.90 up to the completeness limit r < 40 pc. The lower mass limit of 0.84M ⊙ was chosen in order to avoid incompleteness for the less luminous metal rich stars. The upper limit was set to be consistent with a lifetime larger than 12 Gyr for the selected stars.
For model A the comparison of the derived local metallicity distribution for stars with adopted lifetime larger than 12 Gyr and the data of the selected mass bin is shown in the upper panel of Fig. 15 . The results for models B-D are very similar. The middle panel of Fig. 15 shows the predicted metallicity distribution in model A for stars with lifetime 6 Gyr compared to the observed distribution with lifetime larger than 12 Gyr in the solar neighbourhood. The lower panel shows the same comparison but at |z| = 900 pc.
The metal enrichment [O/H] and the SFR can be embedded in a local chemical evolution model with primordial gas infall. Since the gas infall rate is an additional free function, the metal enrichment cannot be derived directly from the SFR, IMF and stellar yields. We proceed in the following way. For the oxygen enrichment we adopt instantaneous recycling and mixing to determine the infall rate of primordial gas. The mass loss from stellar evolution is taken into account. Then the oxygen yield in solar units is given by
Here Zoxy is the mean metallicity of all born stars (not in log-scale and weighted by mass), G0 is the initial surface density of gas, Σg the present day value and S0 the total amount of born stars. We start with a negligible initial amount of gas G0 and find for the yields in solar units of models A-D yoxy = 1.1135, 1.1301, 1.1290, 1.1350, respectively. The infall rate, the surface density of gas and stars and the metal enrichment laws are shown in Fig. 16 .
Thick disc
The thick disc properties in the solar neighbourhood are not well determined. In many investigations a local stellar contribution of ∼ 5% and a velocity dispersion of ∼45 km/s are adopted. These values lead to a dominance of thick disc stars compared to the thin disc at distances z > 1 kpc which is directly observed for K dwarfs (Phleps et al. 2005 ). But in a recent paper local contributions up to 20% and metallicities up to solar are claimed (Bensby et al. 2007 ). Since the method of the latter paper relies on a statistical separation from the kinematics by adopting Gaussian velocity distribution functions for the thin and for the thick disc, it underestimates strongly the thin disc contribution at the high velocity tail. In our models we use standard values for the thick disc and investigate the influence of the thick disc on the other model properties. We split the local stellar density into a thin disc and a thick disc component. For models A-D we set σt ∼ 45 km/s and choose Σt leading to a local stellar mass contribution of ∼ 5%. The local mass fraction of the thick disc equals the thin disc density at z = 1.1 − 1.25 kpc in the models. We adopt an age of 12 Gyr for the thick disc leading to two consequences. Firstly the high mass end of the MS is missing and the fraction in number of low mass stars is a factor of 1.84 larger than the mass fraction. This has to be taken into account when comparing to results of star counts. For model A the number of K dwarfs in the thick disc equals that in the thin disc at z = 950 pc very close to the observed K dwarf density profile of Phleps et al. (2005) . Secondly for the kinematics f (|W |) the thick disc contribution is only taken into account for stars with lifetime larger than 12 Gyr. Here the correction factor 1.84 is also included. In all cases the density profile of the thick disc can be fitted by a sech α (z/αht) profile to better than 3%. The corresponding best fit coefficients are given in table 2. For the thin disc profile a corresponding fit deviates up to 25%. We have calculated two alternative thick discs in model A with smaller and larger velocity dispersion, respectively. The surface density of the thick discs are adjusted to yield the same crossing point of the thin and thick disc profile (upper panel of figure 17 ). the local density contributions of the thick discs are 5.7%, 8.6% and 4.9% for discs 1,2, and 3, respectively. The contribution of the thick disc to the velocity distribution function is shown in the lower panel of Fig. 17 . All these models are still consistent with the data in the |W |-range of 40-60 km/s. From the distribution functions we can conclude that a kinematically distinct thick disc cannot exceed a local density contribution of 10% in mass density.
Model E is a model without thick disc component but with the same AVR and SFR as in model A. For the minimum χ 2 no alteration in the AVR and SFR are needed. The best fit σe is slightly higher. The total star formation S0 and the densities of the thin disc are larger containing now all stars in the solar neighbourhood. The corrections to all other parameters are within a few percent. The effect of the thick disc on the velocity distribution function of stars with lifetime larger than 12 Gyr is shown in the lower panel of Fig. 17 . Only the high velocity tail is affected.
Initial mass function
We have fixed the IMF for the best fitting process (equation 23). We can use the local luminosity function to test the adopted IMF. For the determination of the IMF from the local luminosity function, the luminosity function is first converted to a mass function dN = f (M )dM using the transformation formulae of Henry & Mc Carthy (1993) , corrected in Henry et al. (1999) , and extended to bright stars according to Schmidt-Kaler in Schmidt-Kaler (1982) , which was confirmed by Andersen (1991) . The star numbers are normalised to a sphere with radius R=20 pc. The result is shown in the lower panel of Fig. 18 and compared to the PDMF given in Kroupa et al. (1993) (KTG93) . In our model we use the system mass function excluding resolved B components of binaries. In addition turnoff stars were excluded to be consistent with the main sequence lifetimes used in the dynamical model. Therefore our PDMF is systematically below KTG93. The PDMF is also corrected for the vertical gradient of the density profiles in the observed volume. In the brightest bin with lifetime 0.15 Gyr the density in the mid-plane is 50% larger than the mean density in the 200 pc sphere.
In order to determine the conversion factor from the local PDMF to the IMF due to the finite lifetime and the vertical thickness hms, the main sequence lifetime is needed. We use the lifetimes estimated from the stellar evolution tracks shown in Fig. 2 for the different magnitude bins, where the metal enrichment and the relative weighting due to the increasing number of stars with decreasing mass in the mass interval is taken into account. These data are shown in the upper right panel of Fig. 18 with a comparison of the lifetimes determined directly from evolutionary tracks of Girardi et al. (2004) and with the analytic fitting formula of Eggleton et al. (1989) . Any systematic variation of the lifetimes result in significant changes of the conversion factor Figure 17. Upper panel: Density profiles of models with different isothermal thick disc components: Thin disc stars of model E without thick disc and model A with different thick discs; thick disc parameters (σt, α, ht) are indicated. Lower panel: Reproduction of f |W | from the last two plots of figure 6, but in log-scale to demonstrate the effect of the thick disc contribution. Thick lines are the combined distribution functions and thin lines are the thick discs only.
and therefore the IMF. The conversion factors are a combination of the dilution by the increasing thickness with age (measured by hms) and the fraction of born stars still on the main sequence due to the finite lifetime. The last factor depends strongly on the SFR. The upper left panel of Fig. 18 shows the conversion factor (=IMF/PDMF) as a function of lifetime at different heights above the mid-plane for model A.
In the lower panel of Fig An inspection of the shape of the IMFs of models A and C shows that the break near 1 M ⊙ seems artificial. The break is obvious in the PDMF, but the reason for this is that the correction factor due to the finite lifetime starts to apply above ∼ 1M ⊙ . Therefore we determined an alternative IMF by fitting power laws in two mass regimes only, where we fixed the break mass M0 by minimising the rms of the best where N0 gives the normalisation in the 20 pc sphere. The slopes at the high mass end are very similar for models A-D, because the IMFs are essentially shifted vertically relative to each other. The best fits of the Kroupa-like IMFs show that forcing the slope in the mass range 1 − 1.5M ⊙ to be the same as at the high mass end results in a flatter IMF and a much larger rms value. At that stage of the investigation we abstain from final conclusions, because we did not discuss possible biases in the PDMF from local star counts. We expect that the feedback of a corrected IMF with a steeper slope at the high mass end to the disc model via the mass loss is very small. Additionally it affects only the velocity distribution functions for lifetimes smaller than 10 8 yr significantly.
The strongest constraints on the IMF at high masses and the present day SFR is the observed number of A and late B stars in the solar neighbourhood. Since the bright stars with MV < 0.5 mag are observed in a sphere with a radius of 200 pc, the sample size is a direct measure of the local surface density. Therefore the conversion from the IMF to the mean SFR in the last few 100 Myr depends only on the lifetime of the stars. That means, a higher present day SFR requires a shorter lifetime for the A stars or a steeper IMF.
As an example the constant SFR used in the Besançon model (Robin et al. 2003) relies mainly on the assumption of a steep IMF in the stellar mass range 1-3 M ⊙ (Haywood et al. 1997b) . This model and also the SFR determination of Vergely et al. (2002) show that the slope of the IMF in the mass range of 1-3 M ⊙ that covers roughly the lifetime range of 0.2-10 Gyr, is crucial for the derivation of the long-term SFR from star counts. A steep IMF in that mass range introduces a strong bias to young ages, because the observed number of stars above 2 M ⊙ predict too many young lower mass stars via the steep IMF. This effect is strengthened by the fitting procedure, because direct age determinations by isochrone fitting are less significant in the lower mass range. The result is a bias to young ages in the stellar mass range covering the lifetime above 1 Gyr. An underestimation of the SFR for ages above 1 Gyr is the consequence.
The position of the Sun is probably about 20 pc above the mid-plane (Humphreys & Larsen 1995) . For the determination of the mid-plane density this offset can play a significant role for sub-populations with small scale height (MV < 1.5 mag). We corrected for that implicitly, since we determined the mid-plane density of these magnitude bins for the PDMF using spheres with large radii (see Table 1 ), where the offset can be neglected.
SUMMARY
We presented a new disc model for the thin disc in the solar cylinder based on a continuous star formation history (SFR) and a continuous dynamical heating law (AVR) of the stellar sub-populations. This new model combines and improves the advantages of several different attempts to model the vertical structure in the solar neighbourhood: We used a sequence of isothermal sub-populations in dynamical equilibrium as Bahcall & Soneira (1984) and Aumer & Binney (2009) did; We used the full velocity distribution functions f |W | as Holmberg & Flynn (2000) did, and not only the velocity dispersions (the AVR); We solved the Poisson equation selfconsistently including the thick disc, gas and DM halo contribution as done in the Besançon model (Robin et al. 2003) . A chemical evolution model with reasonable gas infall rate, which was tuned to reproduce the local [Fe/H] distribution of G dwarfs, is included. This enables us to apply correct MS luminosities and lifetimes. Additionally our model is insensitive to the IMF, because it is based on the normalised velocity distribution functions of MS stars.
We determined pairs of (SFR, AVR) by a best fit of the local kinematics. The SFRs which are consistent with the MS velocity distribution functions show a decline factor below five down to unity (= const. SFR). The strongest feature that would distinguish between a constant and a declining SFR is a direct determination of the age distribution of low mass stars in the solar neighbourhood.
Despite the large variety of SFRs there is a strong correlation to the AVR. For each SFR the slope and maximum velocity dispersion of the AVR are well determined. For the AVR we find a power law with indices between 0.375 and 0.5. The range of models is consistent with the results of Binney et al. (2000) for the local age distribution and Aumer & Binney (2009) for the SFR.
Applying the stellar lifetimes and the new scale height corrections to the PDMF results in an IMF that shows only one break point at 1.7M ⊙ and a steep falloff at high masses.
The density profile of an isothermal thick disc component can be fitted very good by a sech α t profile, where αt depends on the velocity dispersion. The most prominent effect of thick disc stars is the enhancement of the high velocity wings of K and M dwarfs in the range of 40-60 km/s. From that we can exclude a heavy thick disc with distinct kinematics and more than 10% contribution to the local stellar density. Changing the thick disc parameters leads to slight variations of the thin disc properties (mainly by assigning part of the stellar disc to the thick disc), but has a negligible influence on the normalised SFR and AVR of the thin disc.
A variety of predictions can be made from the new disc model. The density profiles of MS star sub-populations depend on the lifetime of the stars and are significantly different to density profiles of single age sub-populations. The shape is neither exponential nor sech 2 and can be characterised by the (half-)thickness and the exponential scale height. From the vertical density profiles MS stars number densities as function of colour and apparent magnitude can be predicted. Applying these number densities with observed 'Hess' diagrams from large surveys like the catalogues of the Sloan Digital Sky Survey SEGUE/SDSS enables us to restrict the parameters of the SFR further. We determined vertical gradients in the kinematics which will be tested with Radial Velocity Experiment (RAVE) data. Age and metallicity distributions of stellar sub-populations as a function of z above the galactic plane are predicted.
The future plan is to extend the local model to a complete disc model of the Milky Way that provides a fully self-consistent connection of stellar densities and kinematics. Ultimately this kind of detailed model is essential to understand the large data sets as already available from SDSS and which are expected on a much higher level in amount and precision by PanSTARRS and the astrometric Gaia satellite mission.
